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We the authors of a recent letter [1] wish to present
the following erratum detailing an error in our analysis
and an error in a recent comment on our analysis [2]. In
our letter we derived for the first time the magnetic form
factor, which gives a general formula for the magnetic
coupling of a photon produced via the inverse Primakoff
effect in a Sikivie Haloscope axion dark matter detector.
Previously only the electric coupling had been considered
as, in many cases the two couplings are equal. In general
this is not true. In our letter [1], Equations (1) - (16) are
all correct, and the general electromagnetic form factor
can more completely be written as,
CEM =
CE + CB
2
=
∣∣∣∫ dVc ~Ec · ~ˆz∣∣∣2
2 Vc
∫
dVcr | Ec |2 +
ω2a
c2
∣∣∣∫ dVc r2 ~Bc · ~ˆφ∣∣∣2
2 Vc
∫
dVc
1
µr
| Bc |2
Here the values µr and r generalise the expression if di-
electric or magnetic materials are present in the Halocope
resonator. This is a very important generalisation of the
electromagnetic form factor, which has been ignored in
the past. For a TM mode in an empty cylindrical cavity,
the magnetic form factor can be written as
CB =
ω2a
c2
∣∣∣∫ dVc(Bc(rc)φˆc) · ( r2 φˆ)∣∣∣2
V
∫
dVc | Bc |2 . (1)
The cavity magnetic field is in the cavity φc direction
(and a function of the cavity radius), whilst the axion
induced magnetic field is in the solenoid’s φ direction,
and proportional to the radial distance in the solenoid to
the point of integration. Generally speaking these two
directions are not the same, and in the case for a cavity
offset by some distance, e, from the centre of the solenoid
the dot product is non-trivial, which is the structure an-
alyzed in our letter. Equation (17) in our letter presents
a result for this structure, which we show is in error by
a factor r/rc; this changes the conclusion. We revisited
this calculation because in a recent comment [2] on the
letter in question the dot product between φc and φ is
claimed to be;
φˆ · φˆc = cos (φ+ φc)
= cosφc cosφ− sinφc sinφ.
(2)
We show this calculation to be inaccurate. Fig. 1 shows
the geometry of the problem under consideration, and we
can derive the following expressions from trigonometry;
cosφ =
e+ rc cosφc
r
sinφ =
rc sinφc
r
.
If we follow through with the expression for φˆ·φˆc in Eq. 2,
using the above expressions for cosφ and sinφ we arrive
at the following expression for CB
CB =
ω2a
c2
∣∣∣∫ dVcBcφ rc cos 2φc+e cosφc2 ∣∣∣2
V
∫
dVc | Bc |2 ,
which evaluates to zero for all offset values, when in-
tegrated over the full cavity limits. Clearly this result
is in error, as the form factor is known to be non-zero.
However, careful reanalysis of the system has led us to
uncover a minor discrepancy in Equation (17) in our let-
ter, which we will now discuss. In fig. 1 we define the
angle between the two unit vectors as φe. Since both are
unit vectors (of magnitude one) the dot product can be
written as
φˆ · φˆc = cosφe.
Thus Eq. 1 becomes
CB =
ω2a
c2
∣∣∫ dVcBc(rc) r2 cos (φe)∣∣2
V
∫
dVc | Bc |2 .
where
cosφe =
r − e cosφ
rc
,
(which comes from trigonometry as can be seen in fig. 1).
Thus, the integral reduces to
CB =
ω2a
c2
∣∣∣∫ dVcBcφ r−e cosφ2 × rrc ∣∣∣2
V
∫
dVc | Bc |2 . (3)
This expression differs to Equation (17) in the original
letter by a factor of r/rc. At some point in our analysis,
a factor of r/rc has propagated through our numerical
calculations, causing an error in the presented results.
It is important to note that when Eq. 3 is evaluated
over the limits of the cavity we find that it is constant
with varying offset, and equal to CE for TM modes
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2FIG. 1. A diagram of the offset cavity experiment, the unit vectors are shown in red. The angle φe is defined as the angle
between these unit vectors. All important parameters are labelled. The cavity is shown in grey, and solenoid is shown in white.
in empty cylindrical cavity resonators. Despite the
form factor remaining constant as the position of the
cavity changes within the solenoid for this example, we
maintain that the magnetic coupling is an extremely
important parameter in analysis of generalized haloscope
systems, as there is no a priori reason to expect that
the electric and magnetic couplings are always equal in
general. Particularly, systems which introduce dielectrics
(or magnetic materials) into the cavity must consider
this in estimates of their sensitivity, and systems with
spatially separated electric and magnetic fields may not
be accurately analyzed without consideration of the
magnetic coupling. In fact, a full analysis of such a
system is the topic of a proposal regarding the use of
lumped 3D LC resonators in axion detection [3].
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